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The studies were conducted to determine the 
feas~bil~ty of extend~ng the standard des~gn l lm~tat~ons 
of a baffled apron drop as estabhshed in Engineering 
Monograph No 25.* from o unit discharge of 60 cfs 
per foot (5  6 cu mlsec per meter) of width to a larger 
unit discharge.'. A larger unit discharge would allow a 
baffled apron drop to  be used as a sp~llway energy 
diss~pator where more conventional structures would 
be impractical. 

CONCLUSIONS 

1. A baffled apron designed according t o  the cr~teria in 
Engineermg Monograph No. 25, "Hydraulic Design of 
Stilling Bas~& and Energy Dissipators," proved to be 
an effective spillway energy dissipator. 

2. The baffled apron was designed for a unit discharge 
of 77.7 cfs (7.2 cu mlsec) of width but the studies 
indicated that it would handle a unit discharge as large 
as 150 cfs (13.9 cu mlsec) 

3. The location of the top row of baffle piers affected 
the discharge capacity. With the base o f  the upstream 
face o f  the baffle piers 1 foot ( 0 . L n )  below the 
spillway crest, the reservoir head above the crest at 
maximum discharge was 14 percent higher than with 
the first row removed. Placing the first row of baffle 
piers 1.8 feet (0.55 m l  below the crest raised' the 
reservoir heal only 9 percent. Structural considerations 
dictated that the first row of baffle piers be placed 1.8 
feet (0.55 m l  below the crest. 

4. Blocking off the top row of baffle piers to simulate 
clogging with debris increased the reservoir elgvation 
3.4 feet (1 m) at a unit discharge of 77.7 cfs (7.2 cu 
mlsec). This was 2.3 feet (0.7 m) below the crest of the 
dam embankment. The baffle piers were 1.8 feet (0.55 
ml  below the crest. 

5. The channel bed downstream was sloped upward 
from the end o f  the apron to  prevent movement o f  the 
riprap against the apron and possible erosion damage. 

The rewlts of. these studies are considered to be 
justification to increase the unit discharge used in the 
design of a baffled apron drop from 60 cfs (5.6 cu 
mlsec) to at least 78 cfs (7.3 cu mlsecl. The tests elso 
confirmed that this type of structure was feasible as a 
spillway energy dissipator and would be capable of 
handling discharges up to  twice the design value in an 
emergency. 

INTRODUCTION 

Conconully Dam, a part o f  the Okanogan Project, is 
located in north central Washington about 15 miles 
(24.2 kml  northwest of the town of Okanogan. The 
dam, used for storing irrigation water, is an earthfill 
structure 70 feet (21.3 m) high and 1.OW feet (305 m) 
long with a storage capacity of about 13.000acre-feet 
116 million cu m). The dam was constructed i n  1910. 
The original spi!lwdy, in a saddle near the right 
abutment, has progressively deteriorated. In  addlt~on, 
completed hydrological studies and reports under the 
Safety of Dams program showed that the exlstlng 
spillway had inldequate capacity 

It was decided to  replace this spillway with one of 
adequate capacity. Extremely poor foundofion 
conditions dowwtream from the dam precluded the 
use of a standard hydraulic jump energy dissipator or 
flip bucket as a part o f  the spillway. Therefore, a 
baffled apron was selected to  pass the flood discharges. 
Use of a baffled apron drop as an energy dissipator for 
a spillway wasa departure from the usual practice, so'it 
was decided to perform a hydraulic model study to  
verify the design. 

THE MODEL 

A sectional model, on a 1:18 scale ratio, was 
constructed in a 30-inch (76-cml wide flume. The 
model represented a 45.37-foot (13.8-m) wide section 
of the 149-foot (45.4-m) wide spillway. The crest and 

"Bureau of Reclamation Engineering Monograph No. 25, "Hydraulic Design o f  Stilling Basins and Energy 
Dissipators." by A. J. Peterka. 
*. 

Subsequent values given for the unit discharge wil l  indicate the discharge per foot of width for English units and 
Per meter of width for metric units. 



The channel approaching the c est was also included 
but the curved sidewalls of the approach channel and 
the wing walls a t  the downstream end of the apron 
were not modeled. The channel bed downstream from 
the apron was formed in sand. The baffle arrangement 
on the apron represented the portion of the apron 
adjacent to the left sidewall. The sidewall baffle 
arrangement was used because the action of the 
flowing water at the baffles and sidewall is important 
in determining the effectiveness of the design. It was 
alsn necessaw to determine whether the sidewall height 
was adequate. 

THE INVESTIGATION 

Design Criteria 

Usually. a baffled apron drop i s  limited to a maximum 
design unit dischaige of 60 cfs (5.6 cu mlsec), 
Engineering Monograph No. 25. Section 9, page 153. 
The design unit discharge for Conconully spillway is 
77.7 cfs (7.2 cu mtrec). or a total discharge of 11.580 
cfs (328 cu mlsec). The design methds outlined in 
Engineering jMonagr,aph , No., 25 were used in 
determining affle prer d~mens~ons and arrangement, 
Figure 1. However, the standard design specifies that 
the first row of baffle piers should be placed not more 
than 1 foot (0.3 m) below the crest. A construction 
joint near the crest made it necessary to place the first 
row of baffle piers either 1.8 feet (0.55 m) below the 
crest or almost on the crest For the initial tests the 
first row of baffle piers was placed 1.8 feet (0.55 m) 
below the crest. To provide for future channel bed 
degradation, the downstream end of the apron 
extended below the channel bed sufficiently so that 
the last two rows of baffle piers were buried. 

Flow on Apron 

Flow conditions on the apron were satisfactory for all 
unit discharges up to and including the maximum of 
77.7 cfs (7.2 cu mlsec). With the lowest test unit 
discharge of 15 cfs (1.4 cu mlsec). the flow appeared 
to accelerate slightly down the chute as shown by the 
higher rise of the water surface ar the flow impinged on 
the lower baffle piers. Figure 2. However, the flow did 
not penetrate very far into the tailwater and there was 
no movement of the channel bed material. 

With 3 0  and 45.cfs (2.6- an0 4.2-cu m/sec) unit 
discharges, there was no noticeable increase in the 
height of the water surface and the flow did not 
penetrate the tailwater pool to an appreciable extent. 

to 18 inches (30 to 46 cm) high. There was no 
movement of the riverbed mater~al. 

With unit discharges of 60 and 77.7 cfs (5.6 and 7.2 cu 
mlsec) the apron baffle piers were completely 
submerged but they retarded the flow sufficiently that 
there was no deep penetration into the tailwater and 
only very slight movement of the channel bed, Figuie 
3. Waves on the water surface were about 38 to 24 
inches (46 to 61 cm) high. 

Tests were also run with unit discharges of 100 and 
150 cfs 19.3 and 14.0 cu mlsec). Although there was 
considerable splash and spray from the flow coming 
down the apron, flow conditions at the end of the 
apron were satisfacton/ and there was only a small 
amount of channel bed erosion. 

The test confirmed that the baffled apron drop was an 
effective energy dissipator for the design discharge and 
was also capable of handlino flcws up to almost twice 
the design discharge. 

Channel Bed Modifications 

For the initial tests the channel bed downstream from 
the apron was horizontal. The apron extended below 
the channel bed and the last two rows of baffle piers 
were covered with backfill. During operation at near 
maximum discharge it was noticed that there wassome 
movement of the fill material adjacent to the apron. 
This type of action could abrade the concrete; 
therefore, the channel bed was modified to prevent the 
erosive action. The channel bed was doped upward on 
a 2-1/2:1 slope from the end of the apron to the 
original bed level. The sloped surface was covered with 
12. to 24-inch (30. to 61.cm) nprap. Subsequent tests 
at unit discharges up to 150 cfs (14.0 cu mlsec) 
showed that there war no riprap movement in the 
excavated area at any discharge. 

Discharge Capacity 

The discharge capacity of the structure was determined 
for four conditions: with the first row of baffle piers 
1.8 feet (0.55 m) below the crest (the design location), 
with the first row of baffle piers in the design location 
but completely blocked off to simulate clogging with 
debris, with the first row of baffle piers 1 foot (0.3 ml 
below the crest, and with the first row of baffle piers 
removed. 

With the design config.mtion the design discharge of 
11,580 cfs (328 cu mlsec) was obtained at rerervoir 
elevation 2295.3 (699.6 m), Figure 4. When the top 





Ftgure 2. Un~t d~scharge = 15 cfr 11 4 ct: mlscl. Top Flgure 3 U m i  dircharge = 77.7 cfs (7.2 cu mlsecl Top 
Photo PX.D.69W8 and bortom Phoro PX-D.69006 r'hoto PXC-69009 and bortom Photo PX-D 69007 

row of  baffle piers was blocked of f  to simulate 
clogging, the reservoir water surface rose to elevation 
229E.E. (71M.E.). 3 A f e ~ r  (1  m) below the crest of the 
dam embankment 

F~gure 4 also shows how the locat~on of the first row 
of baffle piers affects the discharp capacity. The 
reservoir elevations obtained with the first row of 
baffle piers removed were used as a bas15 for 
cornparlson. The tests showed that near the design 
discharge the baffle piers installed 1 foot (0.3 m) below 

the crest raised the reservoir eleveA~on a b u t  14 
percent. and with the baffle piers 1.8 feet (0.55 rn) 
below the crest the rexrvoir elevation increased about 
9 percent. A t  about 25 percent of the design d~scharge 
the baffle piers in the h~gher posi*on ratsed the 
:c%cc:r e!:v:tion about 17 percent while the baffle 
piers 1.8 feet (0.55 m) below tho crest raised the 
reservoir only about 4 percent. I n  the final design the 
baffle piers were placed 1.8 feet (0.55 m) below the 
crest. 
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mars of I kg gnus ;t an urce era! 1 of 9.80555 m.rdrec. Ine rlanvJro : i c e  crat im 01 I r e  ti1 lonarc the earth's 
renlCr fur Y1 IR? a! 45 deq lati d c .  The merr.? .no1 31 force n 5 r n t r  is me nw.u.lon IN. .  n h r h  .r d e f h c ~ a ~  ... .. .... ....... . . ,tat forre v.nen aool.ad r ood" waul m3rr o f  1 <1 i . ? :  :- r-?'..? 3- ! r n ' ~  v ,  T"... ..................................... .. -~~ 

must be dirringuirh~d from the Iinconr&t: local wclaht of s body haws a m a s  of 1 ko. !hat is. theweiaht of a 
body is that force with which a 'lady ir attracted to the earth and b eq;al;o the mars of abo* mu1cip;icdby the 
acceleration due to gravity. Ho:lever, because it is general practice t?,use "pound" ruther than 1t.e technically 
corrwt term "pound.force." tbi  term "kilogram" (or derived mars unit) has been uwd in tllir guide instead o f  
"kilcgram.force" in exprevinglhe converrion facrorr far forcer.The &ton unit o f  farcewiil:fiod iocrearingur. 
and  is eaential in SI units. 

,' I 
, , 

Where approximate or namin,iI Englirh unirr are used to erprcrs a v d i e  or range of valuer. the converted metric 
units in pareothers are a l ro , ,ppx imate or nominal. Where precise .llnglirh unit$ are ursd. the conuer:rd inarric 
units are exprerred ar equally iignilican: value$. 

Table I 

OU4NTITIES AND ~ O I '  SPACE -- 
M ~ i f t p l y  -- TO Obmn 

- -  LENGTH --- 
Mil . . . . . . . . . . . . . . . .  25.4 iexact!!d . . . . . . . . . . . . . . . . . . . . .  ,Micron 
Inches . . . . . . . . . . . . . . .  25.4iexactly) . . . . . . . . . . . . . . . . .  Millinvrerr 

. . . . . . . . . . . . . . .  inch- 
Feet . . . . . . . . . . . . . . . .  
Feet . . . . . . . . . . . . . . . .  . .  ~ 

Feet . . . . . . . . . . . . . . . . .  0,0003048 (exactly)' . . . . . . . . . . . . . . .  Kilometers 
Yardr . . . . . . . . . . . . . . .  0.9144 iexaetlyl . . . . . . . . . . . . . . . . . . . .  Meters 
Miles (rtaiutcl . . . . . . . . . . . .  1,609,344 iaxsctlvl' . . . . . . . . . . . . . . . . . . . .  Meterr 
Miler . . . . . .  . : .  . . . . . .  1.609344 leracrly) . . . . . . . . . . . . . .  Kilometerr -- 

AREA 

Square inches . . . . . . . . . . .  6.45i6 (exmly i  . . . . . . . . . . . . .  Equare cenlimetcrr 
Square feet . . . . . . . . . . . .  -929.03 . . . . . . . . . . . . . . . . . . .  Square eenlinieter: 
Square fret . . . . . . . . . . . .  0.092903 . . . . . . . . . . . . . . . . . . . .  Square meters 
Square yards . . . . . . . . . . .  0.836127 . . . . . . . . . . . . . . . . . . . .  3oua,emiarr  
Acres . . . . . . . . . . . . . . . .  .O.dM69 . . . . . . . . . . . . . . . . . . . . . . . .  Hectares 
Acres . . . . . . . . . . . . . . . .  '4,046.9 . . . . . . . . . . . . . . . . . . . . . . . .  Square mclerr 
Acrer . . . . . . . . . . . . . . .  '0.0MM69 Square kilometerr . . . . . . . . . . . . . . . .  
Squre mlcs . . . . . . . . . . .  2.58999 . . . . . . . . . . . . . . . . . .  Square kilomoterr 

VOLUME 

. . . . . . . . . . . . . . . . . . .  Cubic inches . . . . . . . . . . .  16.3871 Cubic centimeters 
Cubic feet . . . . . . . . . . . . .  0.0283158 . . . . . . . . . . . . . . . . . . .  Cubic meterr 

. . . . . . . . . . . . . . . . . . . .  Cubic &di . . . . . . . . . . . .  0.764555 Cubic meterr 

- CAPACiTY 

Fluid ounces 1U.S.i . . . . . . .  29.5737 . . .  
Fluid ounces IU.S.1 . . . . . . .  29.5729 . . . . . .  
Liquid p ins iU.S.i . . . . . . . .  0.473179 . . .  
Liquid piny5 iU.Z.i . . . . . . . .  0.473166 . . . .  
nuan: (u.s.) . . . . . . . . . . .  '945.358 . . . . .  
k a n r  tUS.1 . . . . . . . . . . .  '0.946331 . . .  
Gallons 1U.i.I . . . . . . . . . . .  '3.785.43 . . . . . . .  
G l I o 1 U . S . .  . . . . . . . . .  3.78543 . . , . . 
Gailonr(L~.S.l . . . . . . . . . . .  3.78533 . . . . .  
Gallans1U.S.l . . . . . . . . . . .  *0.00378613 . . .  
Gailonr (U.K.1 . . . . . . . . . .  4.546ffi . . . .  
Gallons 1U.K.i . . . . . . . . . .  4.54596 . . . . .  
Cubic feet . . . . . . . . . . . . .  28.3160 . . . . . .  
Cubic yards . . . . . . . . . . . .  '764.55 . . . . . . .  
Acre-feet . . . . . . . . . . . . .  '1.233.5 . . . . . . . .  
Acrefeet . . . . . . . . . . . . .  *1.233.500 . . . . . . . . .  

. . . . . . . .  Cubic centimeters 

. . . . . . . . . . . . .  Milliliterr 

. . . . . . . .  Cvitic d%imererr 
Literr . . . . . . . . . . . . . . .  

. . . . . . . .  Cubic centinleterr 

. . . . . . . . . . . . . . .  Literr 

. . . . . . . .  Cubic ceniimererr 

. . . . . . . . .  Cubic decimel~rl  

. . . . . . . . . . . . . . .  Liferr 

. . . . . . . . . . .  Cubx melrrr 

. . . . . . . . .  Cubic dffimeler$ 

. . . . . . . . . . . . . . .  Literr 

. . . . . . . . . . . . . . .  Liters 

. . . . . . . . . . . . . . .  i i lers 

. . . . . . . . . . .  Cubic meterr 

. . . . . . . . . . . . . . .  Liters 
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